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Inherited immunodeficiency diseases. 



Immunodeficiencies occur when one or more components of the immune 
system is defective. The commonest cause of immune deficiency 
worldwide is malnutrition; however, in developed countries, most 
immunodeficiency diseases are inherited, and these are usually seen in 
the clinic as recurrent or overwhelming infections in very young chil- 
dren. Less commonly acquired immunodeficiencies with causes other 
than malnutrition can manifest later in life. While the pathogenesis of 
many of these acquired disorders has remained obscure, some are 
caused by known agents, such as drugs or irradiation which damage 
lymphocytes, or infection with HIV. By examining which infections 
accompany a particular inherited or acquired immunodeficiency, we 
can see which components of the immune system are important in 
the response to particular infectious agents. The inherited immuno- 
deficiency diseases also reveal how interactions between different cell 
types contribute to the immune response and to the developmental 
sequence of T and B lymphocytes. Finally, these diseases can lead us to 
the defective gene, often revealing new information about the molecular 
basis of immune processes and providing the necessary information for 
diagnosis, genetic counseling, and gene therapy. 



1 10-6 | Inherited immunodeficiency diseases are caused by recessive 
gene defects. 

Before the advent of antibiotic therapy, it is likely that most individuals with 
inherited immune defects died in infancy or early childhood because of 
their susceptibility to particular classes of pathogens (Fig. 10.8). Such 
deaths would not have been easy to identify, since many normal infants 
also died of infection. Thus, the first immunodeficiency disease was not 
described until 1952; since that time many inherited immunodeficiency 
diseases have been identified. Most of the gene defects that cause these 
inherited immunodeficiencies are recessive, and for this reason, many 
common immunodeficiencies are caused by mutations of genes on the 
X chromosome. Recessive defects cause disease only when both chromo- 
somes are defective. As males have only one X chromosome, however, 
all males who inherit an X chromosome carrying a defective gene will 
manifest disease, whereas female carriers, having two X chromosomes, 
are perfectly healthy. Immunodeficiency diseases that affect many 
steps in B- and T-lymphocyte development have been described, as 
have defects in surface molecules that are important for T- or B-cell 
function. Defects in phagocytic cells, in complement, in cytokines, in 
cytokine receptors, and in molecules that mediate effector responses 
also occur (see Fig. 10.8). Thus immunodeficiency may be caused by 
defects either in the adaptive or the innate immune system. Indivi- 
dual examples of these diseases will be described in later sections. 

More recently, the use of gene knock-out techniques in mice has allowed 
the creation of many immunodeficient states that are adding rapidly to 
our knowledge of the contribution of individual molecules to normal 
immune function. Nevertheless, human immunodeficiency disease is 
still the best source of insight into host defense in humans. The study of 
immunodeficiency provides the clearest evidence of the normal path- 
ways of host defense against infectious disease. For example, as we will 
see later, deficiency in antibody, complement, or phagocytic function 
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Fig. 10.8 Human immunodeficiency 
syndromes. The specific gene defect, 
the consequence for the immune 
system, and the resulting disease 
susceptibilities are listed for some 
common and some rare human 
immunodeficiency syndromes. ADA, 
adenosine deaminase; PNP, purine 
nucleotide phosphorylase; TAP, 
transporters associated with antigen 
processing; WASP, Wiskott-Aldrich 
syndrome protein; EBV, Epstein-Barr 
virus; NK, natural killer. 
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he study of immunodeficiency also leaches us about the redundancy 
p{ mechanisms of host defense against infectious disease. The first two 
humans to be discovered with hereditary deficiency of complement 
mk/ere healthy immunologists. This teaches us two lessons. The first is 
tlthat there are multiple protective immune mechanisms against infec- 
tion; for example, while there is abundant evidence that complement 
;? deficiency increases susceptibility to pyogenic infection, not every human 
■ with complement deficiency suffers from recurrent infections. The sec- 
? ond lesson is about the phenomenon of ascertainment artefact. 
VVhen an unusual observation is made in a patient with disease, there is 
a temptation to seek a causal link. However, no one would suggest thai 
complement deficiency causes a genetic predisposition to becoming an 
immunologist. Complement deficiency was discovered in immunologists 
because they used their own blood in their experiments. If a particular 
. measurement is only made in a group of patients with a particular dis- 
ease, it is inevitable that the only abnormal results will be discovered in 
patients with that disease. This is an ascertainment artefact and emphasizes 
the importance of studying appropriate controls. 



plO-7 | The main effect Of low levels of antibody is an inability to clear 
extracellular bacteria. 



Pyogenic or pus-forming bacteria have polysaccharide capsules which 
make them resistant to phagocytosis. Normal individuals can clear infec- 
tions by such bacteria because antibody and complement opsonize the 
bacteria, making it possible for phagocytes to ingest and destroy them. 
The principal effect of deficiencies in antibody production is therefore 
failure to control this class of bacterial infection, although susceptibility 
to some viral infections, most notably those caused by enteroviruses, is 
also increased because of the importance of antibodies in neutralizing 
infectious viruses that enter the body through the gut (see Chapter 8). 

The first description of an immunodeficiency disease was Ogden C. 
Bruton's account, in 1952, of the failure of a male child to produce anti- 
body. As this defect is inherited in an X-Iinked fashion and is characterized 
by the absence of immunoglobulin in the serum, it was called Bruton's 
X-Iinked agammaglobulinemia (XLA). The absence of antibody can 
be detected using electrophoresis (see Section 2-9). Since then, many 
more diseases of antibody production have been described, most of 
them the consequence of failures in the development or activation of 
B lymphocytes. 

The defective gene in XLA is now known to encode a protein tyrosine 
kinase known as Btk (Bruton's tyrosine kinase). This protein is expre- 
ssed in polymorphonuclear neutrophilic leukocytes as well as in B cells, 
although only B cells are defective in these patients, in whom B-cell 
maturation halts at the pre-B-cell stage. Thus it is likely that Btk is 
required to couple the pre-B-cell receptor (which consists of heavy 
chains, surrogate light chains, and Iga and IgP) to nuclear events that 
lead to pre-B-cell growth and differentiation. A homologous kinase 
called Itk has been found in T cells and is required for normal T-cell 
development. Defects in Btk are analogous to defects in Lck in T-cell 
development (see Section 6-8). In the mouse, Lck deficiency leads to 
the arrest of thymocyte development at the double-negative stage, 
after T-cell receptor p-chain gene rearrangement and cell-surface 
expression but before the rearrangement of the a-chain genes. Thus, 
there may be a cascade of tyrosine kinases, involving Lck and Itk in 
double-negative thymocytes, and Blk and Btk in pre-B cells, that is 
important for lymphocyte development. In both Lck and Btk deficiencies, 
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Fig. 10.9 The product of the btk gene 
is important for B-cell development. 

In X-linked agammaglobulinemia (XLA), 
a protein tyrosine kinase called Btk, 
encoded on the X chromosome, is 
defective. In normal individuals, B-cell 
development proceeds through a stage 
in which the pre-B cell receptor consisting 
of u:X5:Vpre-B transduces a signal via 
Btk, triggering further B-cell development. 
In males with XLA, no signal can be 
transduced and although the pre-B-cell 
receptor is expressed, the B cells develop 
no further. In female mammals, including 
humans, one of the two X chromosomes 
in each cell is permanently inactivated 
early in development. Since the choice 
of which chromosome to inactivate is 
random, half of the pre-B cells in a 
carrier female express a wild-type btk, 
while half express the defective gene. 
None of the B cells that express btk from 
the defective chromosome can develop 
into mature B cells. Therefore, in the 
carrier, mature B cells always have the 
non-defective X chromosome active. 
This is in sharp contrast to all other cell 
types, which express the non-defective 
chromosome in only half of the population. 
Non-random X chromosome inactivation 
in a particular cell lineage is a clear 
indication that the product of the X-linked 
gene is required for the development of 
cells of that lineage. It is also sometimes 
possible to identify the stage at which the 
gene product is required, by detecting 
the point in development at which 
X-chromosome inactivation develops 
bias. Using this kind of analysis, one can 
identify carriers of X-linked traits such as 
XLA without needing to know the nature 
of the mutant gene. 
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